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Introduction. -  This  report  describes  a  portion  of  our  work  in  the  area 
of  perfluorovinyl -metal  chemistry.  Our  early  efforts  in  this  field  were 
supported  by  the  Office  of  Naval  Research  under  Contract  Nonr  l84l(43),an& 
the  preparative  procedures  for  perfluorovinyltin  compounds  described  in 
this  report  were  developed  during  this  time.  Our  subsequent  studies 
in  this  area  were  supported  by  the  Quartermaster  Research  and  Engineering 
Command,  and  among  the  aspects  of  perfluorovinyl -metal  chemistry  in¬ 
vestigated  was  that  of  the  reactions  of  perfluorovinyltin  compounds 
described  in  this  report. 
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Vinyl  Derivatives  of  the  Metals.  IX.  Cleavage  Reactions  of  Perfluoro- 

2 

vinyltin  Compounds. 

By  Dietmar  Seyferth,  Gunter  Raab  and.  Karl  A.  BrSndle 


(1)  Preliminary  communication:  D.  Seyferth,  K.  A.  Br&ndle  and  G.  Raab, 
Angev  Chem.,  J2,  'll  (19^0). 

(2)  Part  VIII  of  this  series:  D.  Seyferth,  J.  Am.  Chem.  So  c . ,  8l,  l844 

(1959).  . . 


The  preparation  of  seven  new  perfluorovinyltin  compounds  by  a 
Barbier-type  reaction  of  broraotrifluoroethylene ,  the  respective  organo- 
tin  chloride  and  magnesium  in  tetrahydrofuran  solution  is  described. 
Cleavage  of  the  perfluorovinyl  group  in  these  compounds  could  be  effected 
by  their  reaction  with  ethanol,,  acetic  acid,  hydrogen  bromide,  iodine, 
triphenyltin  hydride  and  alcoholic  3odium  ethoxide.  The  following  new 
organotin  compounds  were  prepared  during  the  course  of  these  cleavage 
studies:  diethyl-  and  di-n-butyldiethoxytin,  tri-n-buiylethoxytin, 
di -n-butyltin  diiodide,  diethyl-  and  di-n-butyltin  basic  flue  rides. 


-  2  - 


The  recent  development  of  the  perfluorovinyl  Grignard  reagents, 
3  a. 

CF2=CFMgI  and  CF2=CFMgBr  ,  has  made  possible  studies  in  the  field  of 


(3)  J-  D.  Park,  R.  J.  Seffl  and  J.  R.  Laeher,  J.  Am.  Chem.  Soc.,  78, 

59  (1956). 

(1+)  I.  L.  Knunyants,  R..  N.  Sterlin,  R.  D.  Yatsenkoand  L.  N.  Pinkina, 
Izvest.  Akad.  Nauk  S.S.S.R.,  Otdel.  Khim.  Kauk,  1958,  13^-5- 

perfluorovinyl -metal  compounds.  Such  studies  would  be, of  particular 
interest,  since  the  chemistry  of  organometallic  compounds  containing 
the  CHa=CH-  group  has  been  developed  extensively  in  the  last  four 
years,  thus  permitting  a  comparison  between  the  M-CH=CH2  and  the 
M-CF=CFg  systems. 

We  report  here  a  brief  study  of  perfluorovinyl  derivative^  of 
tin.  Our  early  work  showed  that  perfluorovlnyltin  compounds  can  be 
prepared  by  the  reaction  of  preformed  CF2=CFMgBr  in  tetrahydrofuran 
(THF)  with  organotin  chlorides.  However,  special  precautions  with  re¬ 
gard  to  temperature  and  reagent  concentration  are  required  in  the  pre¬ 
paration  of  perfluorovinylmagnesium  bromide  in  this  solvent,  and  yields 
of  CF2=CFMgBr  at  best  were  only  50  -  60$.  Yields  of  products  obtained 
in  subsequent  coupling  reactions  also  were  ca.  50  -  60$,  and  thus  a  low 
overall  yield,  based  on  the  expensive  bromotrifluoroethylene,  made  this 
procedure  fairly  unattractive.  However,  it  was  found  that  such  perfluoro- 
vinylations  could  be  carried  out  readily  using  a  Barbier-type  procedure, 
in  which  a  mixture  of  bromotrifluoroethylene  in  slight  excess  and  the 
organotin  chloride  to  be  perfluorcvinylated  in  THF  solution  is  added  to  a 
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rapidly  stirred  suspension  of  magnesium  turnings  in  THF  at  -10°  to  -13°. 
These  reactions  proceeded  smoothly,  and  yields  of  perfluorovinyltin 
compounds  ranging  from  ca.  50$  to  8o$  were  obtained.  In  general,  the 
best  yields  resulted  in  the  perfluorovinylation  of  triorganotin  halides, 
the  poorest  in  the  complete  perfluorovinylation  of  organotin  trihalides. 
The  compounds  thus  prepared  are  listed  in  Table  I. 

The  electrophilic  cleavage  of  vinyltin  compounds  has  been  exam¬ 
ined  in  detail5,  and  it  was  found  that  protonic  acids  and  the  halogens 


(5)  (a)  D.  Seyferth,  J.  Am.  Chem.  Soc.,  Jg,  212J  (1951);  " 

Rosenberg  and  A.  J.  Gibbons,  J.  Am.  Chem.  Soc.,  79  2138,  (1557) > 
(c)  A.  Saitow,  E.  G.  Rochow  and  D.  Seyferth,  J.  Org.  Chem., 

116  (1958). 

1 

cleave  the  carbon-tin  bond  in  the  -Sn-CK=CH2  system  quite  readily,  the 
vinyl,  group  being  intermediate  between  the  phenyl  group  and  the  methyl 
group  in  the  cleavage  series.  The  rates  of  such  cleavage  reactions 
were  found  to  increase  with  the  acid  strength  of  the  cleavage  reagent 
when  protonic  acids  were  used  S&-,C.  It  might  be  expected  that  the  per- 
fluorovinyl  group  would  be  cleaved  more  readily  from  a  tin  atom  than 
the  vinyl  group  itself,  and  this  was  found  to  be  the  case.  Even  a  rea¬ 
gent  as  weakly  acidic  as  ethanol,  toward  which  vinyltin  compounds  are 

1 

stable,  caused  fission  of  the  -Sn-CF=CF2  bond  in  some  cases.  Thus  when 

1 

an  ethanolic  solution  of  di-n-butyldiperfluorovinyltin  was  heated  at 
reflux  for  twenty  hours. ,  di-n-butyldiethoxytin  was  produced  in  almost 
quantitative  yield.  The  reactivity  toward  alcohol  proved  to  be  a 
function  of  the  number  of  perfluorovinyl  groups  present  in  the  molecule. 


Perfluorovinylt-f  n 


4 


t 


► 


o; 


1 
ns 

o 

3 


•eW 


s 

A 

O 

A 

H 

.4 

cA 

CM 

!>• 

CM 

CO 

KS 

LA 

O 

H 

4 

6 

A 

• 

t- 

OJ 

3 

0 

Os 

p — f 

vo 

OJ 

• 

A 

A 

3 

0 

in 

H 

vo 

.4- 

ov 

OJ 

vo 

OJ 

d 

4 

P 

CO 

KS 

f“ 

00 

OS 

H 

$ 

u 

A 

A 

vo 

A 

0 

ITS 

H 

8 

a) 

CM 

OJ 

co 

o 

4 

is¬ 

os 

CO 

KS 

OS 

4 

ir\ 

8 

KS 

VO 

KS 

P 

vo 

vo 

-4 

K\ 

vo 

ITS 

KS 

os 

i — 1 

r-l 

o- 

CM 

LA 

OS 

C\J 

4 

KS 

P 

0\ 

A 

» 

.4 

c- 

r-f 

OJ* 

KS 

• 

KS 

ITS 

H 

H 

VO 

VO 

0 

A 

A 

cy 

ITS 

0 

GO 

C\l 

& 

• 

.4* 

-4* 

e 

VO 

KS 

P 

3 

KS 

IfS 

$ 

• 

KS 

KS 

(J\ 

•4’ 

a 

A 

# 

CO 

OJ 

OJ 

A 

0 

LA 

-4- 

os 

.4 

VO 

KS 

VO 

CO 

CM 

P 

A 

A 

5$ 

csl 

KS 

4 

0 

JO 

(TV 

a 

3 

-4 

A 

s 

3 

H 

H 

H 

H 

• 

H 

& 

51 

H 

v8 

H 

-4 

0 

H 

LA 

• 

H 

A 

00 

CM 

o 

H 

A 

3 

-4 

• 

H 

t- 

VO 

ITS 

4; 

H 

-  5  - 


Triethylperfluorovinyltln  and  triphenylperfluorovinyltin  were  not 

attacked  by  ethanol  under  comparable  conditions-  Stronger  acids,  such 

as  glacial  acetic  acid  and  hydrogen  bromide,  caused  ready  fission  of 

the  -Sn-CF=CF2  linkage.  Cleavage  of  perfluorovinyl.  groups  from  tin 
I 

with  bromine  and  iodine  was  easily  effected;  cleavage  with  mercuric 
chloride  in  ether  solution  resulted  in  perfluorovinylmercuric  chloride. 

The  ready  cleavage  of  the  perfluorovinyl  group  from  a  tin  atom 
complicated  the  purification  of  perfluorovinyltin  compounds.  A  conven¬ 
ient  method  of  purifying  teiraorganotin  compounds  contaminated  with 
minor  amounts  of  organotin  halides  uses  treatment  of  the  crude  material 
with  aqueous -alcoholic  potassium  fluoride  solution  to  precipitate  the 
organotin  halides  as  the  insoluble  fluorides6.  This  method  cun  be 


(6)  E.  Krause,  Ber. ,  $1,  lkk7  (1918). 

applied  successfully  to  the  purification  of  R3SnCF=CF2  compounds,  but 
if  two  or  more  perfluorovinyl  groups  were  present  in  the  molecule,  this 
procedure  was  not  applicable.  Treatment  of  pure  Ai-n-butyldiperfluoro- 
vinyltin  in  ether  solution  with  potassium  fluoride  solution  caused 
partial  cleavage,  and  ether-soluble  di-n-butyltin  oxide  was  formed. 

The  action  of  potassium  fluoride  solution  on  crude  diethyl-  and  di-n- 
butyldiperfluorovinyltin  containing  Ra (CF2=CF)SnCl  impurities  precipi¬ 
tated  diethyl-  and  di-n-butyltin  basic  fluorides,  members  of  a  class 
of  compounds  not  reported  previously,  and  either  partially  or  totally 
destroyed  the  R2Sn(CF=CF2)2  compounds. 

2  R2Sn(CF=CF2)Cl  +  2  F  +  H20  - >  R2Sn-0-SnR2  +  2  H+  +  2  Cl*  +  2  C2F^I 

F  F 


Nucleophilic  cleavage  also  could,  he  effected,  readily.  Thus  the 
reaction  ox  alcoholic  sodium  ethcxide  with  tri -n-hutylperf  luorovinyl- 
tin  gave  tri.-n-butylethoxytin  in  good  yield.  The  action  of  organo- 
lithium  reagents  on  perfluorovinyltin  compounds  also  resulted  in  a 

7 

cleavage  reaction  giving  the  new  perfluorovinyllithium  reagent  .  This 

(7)  D.  Seyferth,  T.  Wada  and  G-  Raab,  Tetrahedron  Letters  No.  , 

(i960) . 

reaction  will  be  discussed  in  detail  in  a  later  publication. 

Triphenyltin  hydride,  which  is  known  to  add  to  the  carbon-car - 

8 

bon  double  bond  of  triphenylvinyltin  ,  reacted  with  triphenylperfluoro- 

(8)  M.  C.  Henry  and  J.  G.  Noltes,  J.  Am.  Chem.  Soc.,  82,  558  (i960). 

vinyltin  to  give  hexaphenylditin  instead  of  l,l,2-trifluoro-l,2-bis- 
(triphenylstannyl ) ethane . 

( CaHs JaSnII  +  (C0H5 JgSnCF-CFg  - ( CgHs^SnSn ( CqHs )3  +  C2F3H 

Table  II  summarizes  the  results  of  these  selected  reactions  of 
perfluorovinyltin  compounds  and  compares  them  with  similar  reactions 
of  vinyltin  compounds. 

EXPERIMENTAL9 

(9)  Analyses  were  performed  by  the  Schwarzkopf  Microanalytical  Labora¬ 
tory,  Woodsid.e.,  N.Y.  Melting  points  were  determined  using  a  Mel- 
Temp  melting  point  apparatus.  All  reactions  were  carried  our  un¬ 
der  an  atmosphere  of  prepurified  nitrogen. 
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1)  Preparation  of  Perfluorovinyltin  Compounds.  10 (a)  The  Grignard  Procedure. - 

(10)  While  the  present  study  was  underway,  the  synthesis  of  perfluoro¬ 
vinyltin  compounds  by  the  Grignard  procedure  was  reported  by 

H.  D.  Kaesz,  S.  L.  Stafford  and  F.  G.  A.  Stone,  J.  Am.  Chem.  Soe., 

8i,  6336  (1959).  - - - 

In  a  three-necked  flask,  equipped  with  a  stirrer,  dropping  funnel, 

Dry-Ice  condenser  and  nitrogen  inlet  tube,  was  placed  10  g.  (0.4-1  g. 
atom)  of  magnesium  turnings  in  30  ml.  THF.  The  magnesium  was  activated 
by  adding  0.5  ml.  of  1,2-dibromoethane.  The  flask  was  then  cooled  to 
-20°,  and  a  solution  of  40  g.  '(0.23  mole)  of  bromotrifluoroethylene  in 
60  ml.  THF  was  added  slowly  with  stirring.  A  deep  brown  solution  re¬ 
sulted.  This  was  filtered  under  nitrogen  through  glass  wool  to  remove 
unused  magnesium.  Analysis  of  the  Grignard  solution  (addition  of  ex¬ 
cess  of  standard  sulfuric  acid  and  back  titration  with  standard  base) 
indicated  a  5 3$  yield  of  CF2=CFMgBr  had  been  obtained.  To  the  Grignard 
solution  at  -20°  was  added  18  g.  (0.06  mole)  of  dl-n-butyltin  dichloride 
(Metal  and  Thermit  Carp.)  in  75  ml.  THF.  The  mixture  was  allowed  to 
come  to  room  temperature  while  being  stirred,  then  was  heated  at  re¬ 
flux  for  16  hours.  The  dark  brown  reaction  mixture  was  hydrolyzed 
with  saturated  ammonium  chloride  solution.  The  separated  salts  were 
washed  with  ether;  the  organic  layer  and  the  ether  washings  were  com¬ 
bined  and  dried.  After  removal  of  solvents  at  reduced  pressure,  frac¬ 
tional  distillation  of  the  residue  gave  13,1  g.  of  colorless  liquid, 
b.p.  56  -  57° /0. 6  mm.,  n^5  1.4290,  and  two  smaller  higher  boiling  frac- 

25  25 

tions  of  n^  1.4590  and  1.4782  which  contained  chlorine.  Redis¬ 
tillation  of  the  first  fraction  resulted  in  pure  di-n-butyldiperfluoro- 
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TABLE  II 


Reactions  of  Perfluorovinyl-  and  Vinyltin  Compounds 

Reaction  Ob served 


Reagent 

Perfluorcvinyltin  Compound 

Vinyltin  Compound 

c2h5oh 

R3SnCF=CF2,  no  reaction 

RsSnCH=CH2,  no  reaction 

c2h5oh 

R2Sn(CF=CF2)2,  cleavage 

R2Sn ( CH=CH2 ) g,  no  reaction 

ch3co2h 

R3SnCF=CF2,  cleavage 

R3SnCH=CH2,  cleavage 

HBr 

R3SnCF=Cr2,  cleavage 

R3SnCH=CH2,  cleavage 

la,  Br2 

R3SnCF=CF2,  cleavage 

R3SnCH=CH2,  cleavage 

03SnH 

03SnCF=CF2,  cleavage 

03SnCH=CH2,  addition 

a 

C2H5ONa 

R3SnCF=CF2,  cleavage 

R3SnCH=CH2  f  no  reaction 

a  x 

M.  A.  Weiner,  Thesis,  M.  I.  T.,  i960 
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vinyltln.  The  crude  yield,  based  on  di-n-butylt.in  diohioride,  vas  56$. 

On  standing  in  a  glass-stoppered  vial,  the  pure  product  deposited  small 
amounts  of  white  solid. 

(b)  The  Barbier  Procedure.-  In  a  similar  apparatus  vwspj_aced  18  g. 

(0-7k  g.  atom)  of  magnesium  turnings.  These  were  juste  covered  with 
dry  THF  and  activated  by  adding  ca.  10  drops  of  1, 2-dl_trom.ceth.ane . 

After  addition  of  200  ml.  THF,  a  small  amount  of  brouo«trif*luox*oethylene 
was  injected.  Upon  initiation  of  Orignard  reagent  f omsati on,  as  evidenced 
by  a  brown  coloration,  the  flask  was  cooled  to  -15“  an -da  solution  of 
109  g.  (0.68  mole)  of  bromotrifluoroethylene  and  121 g  .  (O  .5  mole)  of 
triethyltin  chloride  (prepared  by  the  Kocheshkov  react:  ion  from  tetra- 
ethyltin)  in  5 00  ml.  THF  was  added  slowly  with  vigorous  s  stirring  over 
a  period  of  four  hours.  Subsequently  the  reaction  mix— ture  was  stirred 
at  -15°  for  three  hours.  After  it  had  been  allowed  tco  stand  at  room 
temperature  for  a  short  while,  the  reaction  mixture  wass  cooled  to  0° 
and  hydrolyzed  with  saturated  ammonium  chloride  solution.  The  organic 
layer  was  decanted,  and  the  inorganic  salts  were  washed  vi-fch  THF.  The 
combined  organic  layer  and  THF  washings  were  distilled  rapidly  at  re¬ 
duced  pressure  into  a  receiver  cooled  to  -78° .  Fractional  distillation 
of  this  distillate  gave  115  g.  (80$  based  on  triethyltiln  clxLori.de )  of 
triethylperfluorovinyltin,  b.p.  66  -  67° /12  mm.,  as  a  oolox*less  liquid. 

This  method  served  well  in  the  preparation  of  trri-n— butylper- 
fluorovinyltin,  triphenylperfluorovinyltin,  diethyldipearflu.orovinyltin, 
di-n-butyldiperfluorovinyltin,  n-butyltriperfluorovinyl_tin  and  phenyl  - 
triperf luorovinyltin .  Purification  of  the  last  two  compounds  required 
an  added  step  in  the  procedure  described  above.  For  exrampLe,  the  reaction 
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of  0.48  mole  of  bromotrifluoroethylene,  0.1  mole  of  phenyltin  trichloride 
and  0.5  g.  atom  of  magnesium  in  500  ml.  of  THF  at  -15%  followed  by  the 
steps  outlined  above,  gave  57*2  g.  of  crude  liquid  product,  distilling 
between  79®  and  90°  at  0.3.  mm.,  which  still  contained  chlorine.  This 
material  was  diluted  to  150  ml.  with  diethyl  ether  and  treated  with  dry 
gaseous  ammonia  for  three  hours.  The  resulting  white  adduct  formed 
between  ammonia  and  the  organotin  chloride  impurities  present  was  fil¬ 
tered,  and  the  filtrate  was  fractionally  distilled  to  give  31.4  g. 

(71-5$)  of  chlorine-free  phenyltriperfluorovinyltin,  b.p.  6o°/o.65  mm. 

A  similar  procedure  is  useful  in  the  purification  of  other  tin  compounds 
containing  two  or  three  perfluorovinyl  groups. 

Triphenylperfluorovinyltin,  a  solid,  was  purified  by  recrystal¬ 
lization  from  methanol. 

2)  Properties  of  Perfluorovinyltin  Compounds.-  All  perfluorovinyltin 
compounds  are  easily  characterized  by  their  infrared  spectra.  These, 
when  taked  in  chloroform  solution,  show  an  intense  band  due  to  the 

_i 

C=C  stretching  vibration  at  ca.  1705  -  1720  cm  and  also  four  strong 
(and  two  weaker)  absorptions  due  to  the  C-F  links  between  1300  and  990 
cm  .  The  observed  frequencies  are  listed  in  Table  III. 

All  liquid  perfluorovinyltin  compounds  on  standing  slowly  de¬ 
posited  white  solid.  The  exact  nature  of  this  decomposition  is  not  yet 
understood.  In  the  case  of  triethylperfluorovinyltin,  the  white  solid 
formed  contained  33.99#  C,  5. 56#,  H.  7.97#  F  and  48.46#  Sn;  it  could  be 
sublimed  in  vacuum  at  155° •  Solid  of  somewhat  similar  composition 
(33.2#  C,  5*3#  H,  10.1#  F)  could  be  obtained  in  low  yield  simply  by 
heating  triethylperfluorovinyltin  in  dry  air  at  100  -  120°  for  20  hours. 
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TABLE  III 


Infrared  Absorptions  due  to  the 

CF2=CF  Group  in  Organotin 

Compounds 

in  Chloroform 

Solution  (cm"  ). 

Compound 

(C2Hs)3SnCF=CF2 

^C=C 

1707 

Principal  C-F  Bands 

1280,  1266,  1098,  998 

( C4H9  JaSnCF -CFs 

1707 

1277)  1263,  1094,  994 

(C6H5)3SnCF=CF2 

1707 

1287,  1275,  1110)  1002 

(C4Hg )2Sn (CF=CFa)2 

1712 

1288,  1275,  1113)  1005 

O4  Hg£in  ( CF=CF2  )z 

1711 

1295)  1283,  1122,  1007 

CflH5Sn(CF=CF2)3 

1715 

1298,  1284,  1123,  1009 

3)  Reactions  of  Perfluorovinyltin  Compounds.-  (a)  With  Ethanol.- 

A  solution  of  l4  g.  of  di-n-butyldiperfluorovinyltin  in  20  ml.  of 
absolute  ethanol  was  heated  at  reflux  for  20  hours  in  the  absence  of 
moisture.  Distillation  gave  the  extremely  moisture-sensitive  di-n- 
butyldlethoxytin,  b.p.  95°/0.15  mm.,  as  a  colorless  liquid  in  9%  yield. 
Anal.  Calcd.  for  CiallseOaSns  C,  44.61/  H,  8.74.  Found  C,  44. 60; 

H,  8.59. 

A  similar  reaction  of  diethyldiperfluorovinyltin  gave  diethyl- 

diethoxytin,  b..p,  78°/0.1  mm.,  n25  1.4828,  dj,  1.570,  in  76$  yield. 

D 

In  view  of  the  extremely  ready  hydrolysis  of  this  compound,  the  values 
of  the  refractive  index  and  density  given  may  not  be  very  exact. 

Anal.  Calcd.  for  CeH2o02Sn:  C,  35-99/  H,  7.55-  Found  C,  3 5-68; 

H,  7-90. 

(h)  With  Acetic  Acid.-  Ten  g.  (0.027  mole)  of  tri-n-butylperfluoro- 
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vinyltin  and.  1.8  g,  (0.03  uiole )  of  glacial  acetic  acid  were  heated  on 
the  steam  bath  for  1.5  hours.  The  mixture  crystallized  on  cooling. 
Recrystallization  from  hexane  gave  pure  tri-n-butyltin  acetate,  in.p. 
86  -  8je  in  90#  yield  (lit.  11  m.p.  84.5  -  85°). 


(11)  G.  J.  M.  van  der  Kerk  and  J.  G.  A.  Luijten,  J.  Appl.  Chem.,  6, 

49  (1956). 

(c)  With  Hydrogen  Bromide.-  Two  traps  were  connected  in  series.  In 
the  first  was  placed  10  g.  (0.0253  mole)  of  di-n-butyldiperfluorovinyl- 
tin  in  25  ml.  of  carbon  tetrachloride,  in  the  second  7*2  g.  (0.045  mole) 
of  bromine  in  25  ml.  of  carbon  tetrachloride.  Both  traps  were  cooled 
to  0°,  and  then  gaseous  hydrogen  bromide  was  passed  into  the  first  trap 
until  all  of  the  bromine  in  the  second  trap  had  been  consumed  by  reaction 
with  the  trifluoroethylene  liberated  in  the  cleavage  reaction.  The  con¬ 
tents  of  the  first  trap  were  distilled  to  give  8.5  g.  (85#)  of  di-n- 
butyltin  dibromide,  b.p.  9^5  -  92°/0.3  mm.,  m.p.  21. 5  -  22°,  n85  1.5434 
(lit.  m.p.  20°).  The  contents  of  the  second  trap  were  distilled  to 


(12)  P.  Pfeiffer,  Z.  anorg.  u.  allgem.  Chem.,  68,  102  (1910). 

give  8.6  g.  (71#)  of  l,2-dibromo-l,l,2-trifluoroethane,  b.p.  35°/90  mm., 

n85  1.4098,  d*5  2.165  (lit.4  b.p.  76  -  76.5°,  n£8  1.4125). 

Anal.  Calcd.  for  C2HF3Br2:  F,  23.57;  Br,  66. 08.  F01 md :  F,  23.28; 

Br,  66.06. 

(d)  With  Iodine.-  To  a  solution  of  10  g.  of  di-n-butyldiperfluoro- 
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vinyltin  in  125  ml.  of  diethyl  ether  was  added  12.84  g.  (0.0506  mole) 
of  iodine.  The  reaction  commenced  at  room  temperature  as  evidenced  by 
gradual  lightening  of  the  color  of  the  brown  iodine  solution.  A  five 
hour  reflux  period  resulted  in  a  colorless  solution.  Distillation  of 
the  ether  left  a  yellow  oil  and  a  small  amount  of  white  solid.  Frac¬ 
tional  distillation  gave  9.0  g.  (75$)  of  di-n-butyltin  diiodide,  b.p. 
112°/o.6  mm.,  n®5  1.6020,  I.996,  as  a  colorless  liquid  which  turned 

yellow  rapidly  on  standing. 

Anal.  Calcd.  for  CgHiglaSn:  C,  19*7^>  H,  5*75>  I;  52.15.  Found; 

C,  19. 90;  H,  3-75;  I,  51.85. 

(e)  With  Mercuric  Chloride.-  In  the  distillation  pot  of  a  Soxhlet  ex¬ 
tractor  was  placed  7-0  g.  (O.OI89  mole)  of  tri-n-butylperfluorovinyl- 
tin  in  100  ml.  of  diethyl  ether.  Mercuric  chloride,  5.1  g.  (O.OI89 
mole),  was  placed  in  the  Soxhlet  thimble.  Circulation  of  ether  for 
15  hours  brought  all  the  mercuric  chloride  into  reaction.  The  resulting 
turbid  ether  solution  was  filtered,  and  ca.  3/4  of  the  ether  was  evaporated. 
Upon  addition  of  pentane  to  the  residue,  3*9  g.  of  white  crystalline 
CF2=CFHgCl  precipitated.  After  two  recrystallizations  from  90  -  100° 
ligroine,  the  compound  still  did  not  have  a  sharp  melting  point;  when 
heated  in  a  sealed  capillary,  it  began  to  soften  at  9^°  and  was  com¬ 
pletely  molten  at  103  -  104°.  Its  infrared  spectrum  in  chloroform  solu¬ 
tion  showed  strong  bands  at  1725;  1288,  1225,  1203,  1165,  1145,  and 
-1 

1014  cm  . 

Anal.  Calcd.  for  C2F3ClHg:  Cl,  11. l8;  Hg,  63.27.  Found:  Cl,  11. l8; 

Hg,  62.79. 
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Perfluorovinylmer curie  chloride  is  soluble  in  ether  and  benzene  and 
sublimes  at  room  temperature  in  a  high  vacuum. 

(f)  With  Triphenyltin  Hydride.-  A  mixture  of  T  g-  (C.OI63  mole)  of  tri- 
phenylperfluorovinyltin  and  6  g.  (0.0166  mole)  of  triphenyltin  hydride 
was  heated  in  vacuum  at  70°  for  3  hours.  During  this  time  strong  gas 
evolution  and  gradual  solidification  of  the  contents  of  the  flask  were 
apparent.  Recrystallization  of  the  solid  product  from  benzene  gave 

9  g«  (79$)  of  hexaphenylditin,  m.p.  232  -  234° •  Its  identity  was  con¬ 
firmed  by  a  mixed  m.p.  with  an  authentic  sample. 

(g)  With  Alcoholic  Sodium  Ethoxide.-  Sodium,  2.6  g.,  was  dissolved 

in  60  ml.  of  absolute  ethanol,  and  10  ml.  of  tri-n-butylperfluorovinyl- 
tin  was  added.  The  resulting  turbid  mixture  was  heated  at  reflux  in 
the  absence  of  moisture  for  5  hours.  Fractional  distillation  gave 
12  g.  of  trl-n-butylethoxytin,  b.p.  115°/0.1  mm.,  a  moisture-sensitive 
liquid. 

Anal.  Calcd.  for  Ci^HjKjOSn:  C,  50.18;  H,  9.62}  Sn,  35-42,  Found: 

C,  49.98;  H,  9-57;  Sn,  3^.89. 

(h)  With  Aqueous-Alcoholic  Potassium  Fluoride.-  A  solution  of  11.3  g- 
of  di-n-butyldiperfluorovinyltin  in  ether  was  shaken  vigorously  with 
an  aqueous-alcoholic  potassium  fluoride  solution.  The  ether  layer  was 
separated,  dried  and  distilled.  Starting  material  vas  recovered  in 
51$  yield  (n^  1.4300).  The  brown  distillation  residue  was  chromato¬ 
graphed  on  an  alumina  column.  Evaporation  of  the  eluate  gave  di-'n- 
butyltin  oxide. 

Anal.  Calcd.  for  CaHiB0Sn:  C,  38. 60;  H,  7.12.  Found:  C,  39-07; 

H,  7-47;  F,  0.0. 
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Treatment  of  crude,  chlorine-containing  diethyldiperfluorovinyl- 
tin  with  KF  solution  in  this  manner  resulted  in  precipitation  of  white 
solid.  The  latter  was  recrystallized  from  methanol.  It  sublimed 
readily  at  170°  and  was  soluble  in  6m  hydrochloric  acid. 

Anal.  Calcd.  for  CsH20OF2Sn2:  C,  23.57;  H,  4.95;  F,  9.32.  Found: 

C,  23.72;  H,  5.11>  F,  9.15. 

The  infrared  spectrum  of  this  substance  (in  KBr)  confirmed  the  absence 
of  CFa=CF  groups. 

Similar  attempted  purification  of  chlorine-containing  di-n- 
butyldiperfluorovinyltin  gave  a  white  solid.  This  was  dissolved  in 
methanol;  addition  of  water  precipitated  it  again  to  give  material  of 
m.p.  l40°. 

Anal.  Calcd.  for  Ci6H3e0F2Sn2:  C,  36-96;  H,  6.98.  Found:  C,  37.41; 

H,  7.11. 
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